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a b s t r a c t
In tropical forest conservation, areas with full statutory protection are often surrounded
by buffer zones. Information on the patterns of tree community structure differences in
these zones is helpful to evaluate the conservation efficacy. Our study was implemented
within a biodiversity hotspot, in the Ta Xua Nature Reserve of north-western Vietnam,
which has a statutorily protected core zone and a buffer zone, where local H’Mong people
are permitted low intensity forest use. The forests are rich in tree species (249 observed).
Many of these tree species provide non-timber forest products (NTFPs) (48%) or valuable
timber (22%), and 18 species are red-listed. Overall tree density was not different in the
two zones, but tree diameter and species richness were lower in the buffer zone. At the
tree level, logistic regression analysis indicated that red-listed status, large diameter, and
low density of conspecifics increased the probability of tree absence from the buffer zone
but not the potential use as a NTFP. However, most NTFP species had different densities
in the core and buffer zones, and this correlated with signs of human interference. At the
species level, the density of species was the most important variable, and rarity strongly
increased the probability of species absence. Our results also indicate that rare and red-
listed trees were depleted in the buffer zone. In consideration of conservation goals, the
future monitoring of these species at the Ta Xua Nature Reserve and other protected areas
is needed, and conservation measures most likely need to be improved.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Tropical forest conversion and degradation have caused severe losses in biodiversity (Sodhi et al., 2009; Gibson et al.,
2011). Thus conservation of tropical forests is urgently needed. Tropical forests are also capable of providing renewable
resources, such as timber, non-timber forest products (NTFPs), and other ecosystem services. Forest stewardship intends to
unify and further develop both the conservation and production functions of forests (Messier et al., 2015). One approach to
tropical forest stewardship and conservation is the establishment of strictly protected core zones,which safeguard remaining
habitats and species (Bruner et al., 2001; Joppa and Pfaff, 2010), and surrounding buffer zones, where low impact forest use
intensity is presumed. This approach can enhance the conservation value of protected areas and at the same time provide
some forest products (DeFries et al., 2005; Chape et al., 2005).
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Timber logging and NTFP harvesting are main types of forest use, and these have various impacts on forest biodiversity
(Arnold and Pérez, 2001; Ticktin, 2004; Ndangalasi et al., 2007; Clark and Covey, 2012). At low intensity and at a local scale,
selective timber logging and harvesting of NTFPs can locally increase floral species richness and may have little impact on
the forest tree community (Cannon et al., 1998; Endress et al., 2006; Berry et al., 2010; Putz et al., 2012). However, at high
intensity and over a larger scale, both logging and NTFP harvesting may lead to forest degradation and species loss (Arnold
and Pérez, 2001; Rosser and Mainka, 2002; Sodhi et al., 2004); (Asner et al., 2006; Gibson et al., 2011; Branch et al., 2013).
In particular rare tree species often contribute significantly to the high levels of tree species diversity in tropical forests
(Hubbell, 2013; ter Steege et al., 2013), but such species are also prone to high risks of extirpation (Mouillot et al., 2013) or
extinction when their habitats are destroyed (Gaston, 1994; Laurance, 1999; Sodhi et al., 2004; Hubbell, 2013). Therefore,
the patterns of tree community changes between the core and buffer zones related to tree uses, dimensions, and rarity must
be assessed in order to evaluate whether conservation goals are met or need adjustment.
In this context, tropical forests in rural and today remote areas are of utmost importance (Tyukavina et al., 2016). Local
human communities traditionally use tropical forests, while also external interests including biodiversity conservation and
logging of timber and harvesting of NTFPs are enforcing. The present study was conducted in the Ta Xua Nature Reserve, a
protected area in north-western Vietnamwithin a biodiversity hotspot (Sobey, 1998; Sterling and Hurley, 2005). This nature
reserve has a strictly protected core zone of near-natural forest and a buffer zone, where only low intensity traditional forest
use by the H’Mong people is permitted. The main goals of this study were to analyze tree community structure in the core
zone and the buffer zone and in case of differences, to identify the impact of important variables, such as timber use, NTFP
use, tree diameter, tree rarity, and red-listed status, on differences of tree community between the core zone and buffer zone.
The expected results will contribute to further develop forest stewardship concepts by pointing to significant influencing
factors based on a statistically sound approach.
2. Materials and methods
2.1. Study area
The Ta Xua Nature Reserve (21◦13′–21◦26′N, 104◦16′–104◦46′E, Fig. 1) was established in 2002. The topography of the
region is characterized by high, steeply sloping mountains, ranging in altitude from 320 to 2765 m a.s.l. with inclinations
of between 30◦ and 40◦. The climate is humid-tropical and is influenced by the north-east monsoon. At the nearest
Fig. 1. Vietnam and location of the Ta Xua Nature Reserve (left). The study area is enclosed by blue lines (right; 1000–1700 m a.s.l.). Sample plots (40 in
the core zone, 40 in the buffer zone) are indicated by black dots. (For interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
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meteorological station (Phu Yen, c. 40 km from Ta Xua Nature Reserve at 175 m a.s.l.), the annual precipitation ranges from
1600 to 1900 mm, and the average temperature is 20 ◦C.
The reserve incorporates a core zone of 15211 ha, with a forest cover of 87%. Human activities such as logging, hunting,
and the gathering of NTFPs are prohibited. During our field work, signs of these activities were rarely observed. The forest
types range from evergreen and broad-leaved rainforest at lower elevations to coniferous forest mixedwith some evergreen
and broad-leaved species at higher elevations. The core zone can only be reached by footpaths, some of which were made
before the Nature Reserve was established, and others weremarked out ranger patrols and research project routes or tourist
trails (FIPI, 2002) (Fig. 2).
Fig. 2. The landscape of the Ta Xua nature reserve (A) and trees in the forest of its core zone (B:Madhuca pasquieri, C: Podocarpus neriifolius).
The buffer zone of the reserve encompasses 24674 ha with a forest cover of 44%. The forest only occurs above 900 m
a.s.l. and is used by the H’Mong people in accordance with forest management regulations established by the law of forest
protection and development (Law No.29/2004/QH11, 2004). These regulations allow a maximum of 25 trees to be felled
per year in a forest area of 10856 ha and gathering of NTFPs to fulfill demand without detailed specific quantity regulation.
However, during fieldwork, some illegal tree felling and signs of such fellingwere observed. Land below900ma.s.l. ismainly
agricultural land, with upland rice, maize, and sugarcane cultivation predominating (FIPI, 2002).
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2.2. Site and plot selection
Based on a reconnaissance survey, a provisional forest cover map was established. An elevation range of 1000–1700 m
a.s.l. was selected for the study, as forest in this elevation range occurred in the core and buffer zones. The study area included
73 ha in the core zone and 115 ha in the buffer zone. A grid system with 1400 cells was created and overlaid on a map of
the study area to randomly select locations for sample plots. Forty plots of 20× 20 mwere established in each conservation
zone.
2.3. Data collection
All standing trees with diameter at breast height (DBH) of at least 6 cm in the sample plots were counted. DBH was
measured and tree species were identified at the species level with support from two botanists from the Vietnam National
University of Forestry (VNUF). Specimens of unidentified species in the fieldwere collected for further study at the herbarium
of the VNUF. Individuals that could not be determined to the species level were classified by genus or family and sorted into
morphospecies. The tree species providing NTFPs were directly identified by two H’Mong persons who are experienced
in NTFP collection in the region and who participated in data collection. In addition, specimens were collected for further
ethnobotanical survey with the assistance of H’Mong elders and traditional doctors. Occurring tree species were assigned to
valuable timber species based on standard textbooks of Vietnam forest trees and Vietnam economic forest trees (Tran and
Nguyen, 1993; Nguyen et al., 1996), with the criteria of large size at maturity, stem straightness, hard and durable wood,
fine-textured wood, wood dimensional stability, easy to work with, and use for many purposes. A tree species was classified
as locally rare when the density of species was 1 or fewer individual per hectare (Pitman et al., 1999), and as red-listed when
the tree species was listed in the Vietnam Red List and/or the IUCN Red List (Nguyen et al., 2007; IUCN, 2014).
Additional information was also collected from the study plots. Five hemispherical photographs were taken at five
different positions inside each sample plot using a digital camera (Minolta DIMAGE Xt, 185◦ fish-eye lens) mounted on a
self-leveling station. The first position was located at the center of each sample plot, while the four remaining positions
were located within a 5 m radius around the first position at 90◦ intervals. The percentage of canopy closure was computed
with CAN-EYE V6 software (INRA, 2014) and an average of the five photographs was used per plot. In the center of each
plot, a soil sample (0–20 cm deep) was collected using a soil auger for determining soil pH, soil organic matter, and soil
texture (Walkley and Black, 1934; Gee and Bauder, 1979). Slope inclination and aspect deviation from north were measured
using a compass. Elevation, longitude, and latitude were recorded using a GPS-locator. The numbers of footpaths and tree
stumps were counted in each sample plot as indicators of human disturbance. Thus, sample plots were randomly chosen;
the tree inventory, field classification of tree uses and the assessments of human disturbance signs were done at the same
visit.
2.4. Statistical analysis
A t-test was used to test the differences of means of the two conservation zones (significant if p ≤ 0.05) if the data satisfy
the criteria of normal distribution and homogeneity of variance.When these requirements were notmet, the nonparametric
Mann–Whitney U-test was applied. The predicted tree species richness in the core zone and buffer zone were estimated
using the Bernoulli product model, based on the Mao-Tau and Chao2 estimators (Chao, 1987), by interpolation from 40
empirical plots and extrapolation to three-times the number of empirical plots in each zone (Colwell et al., 2004, 2012)
using EstimateS software (Colwell, 2013).
The probabilities of tree and species absence in the buffer zone were modeled by logistic regression analysis. Predictor
variables that were statistically significant in the Wald z-test were selected for the logistic models. Stepwise logistic
regression was used to select variables for inclusion in the regression models. In comparison of the different models, the
model with the lowest Akaike Information Criterion (AIC) was selected. Odds ratios (ORs) and 95% confidence intervals (CIs)
were used to compare the influence of different exposure variables. The probabilities of tree absence and species absence
were calculated by transforming back to the original scale (p = 1/[1+ e−logit(p)]), (Hosmer et al., 2013).
Amultiple logistic regressionmodelwith four significant predictor variableswas used to predict tree absence probability:
tree DBH, density of species,NTFP use, and red-listed status. For each tree in the core zone, absence of a similar treewas recorded
if there was no tree in the buffer zone with an identical NTFP, valuable timber and red-listed parameters and belonging to
the same species and DBH class (the width of DBH classes was 10 cm). For predicting the probability of species absence, the
presence or absence of the same species in the buffer zone was recorded. Here, only one predictor variable, density of species,
was statistically significant according to the z-test. This variable was transformed to several forms such as inverse function
(1/density of species) and different powers of (1/density of species) to identify the best model for predicting the probability
of species absence.
The relationships of forest structure and human interference variables with abundance of NTFP tree species in the core
zone and buffer zone were analyzed using detrended correspondence analysis (DCA). The main matrix contained the names
and densities of NTFP tree species within a set of sample plots in the core and buffer zones, and a secondmatrix included the
forest structural and human interference variables from the same plots. Densities of the main matrix were log-transformed
and standardized to achieve approximately standard normal distributions, and data in the second matrix were expressed
relative to their maxima to ensure equal weighting before running DCA. Spearman correlation analysis was used to test
whether density of each NTFP tree species correlated significantly with the DCA axes scores. Data analyses were conducted
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using Statistica (StatSoft, 2014), PC-ORD software version 5.12 (McCune and Mefford, 2006), and R Studio (R Studio Team,
2015).
3. Results
3.1. Site conditions and forest stand structure
The site conditions at randomly chosen plots in the core zone and buffer zonewere the similar in soil variables such as pH
(average 4.7 in both) and only slightly different in slope inclination (39.5◦ vs. 35.9◦, in the core and buffer zones respectively).
However, these two zones differed significantly in numerous forest structural characteristics. Tree diameter, basal area, and
canopy closure were significantly higher in the core zone, where also significantly fewer tree stumps and footpaths were
observed (Table 1). All of these differences reflect the influences of human interference.
Table 1
Site conditions and forest structural characteristics of the core zone and buffer
zone. Values indicate means± standard deviations from 40 sample plots in each
zone. Different superscript small letters indicate significant differences between
zones (p ≤ 0.05).
Core zone Buffer zone
Total study area (ha) 72.8 115.1
Elevation (m a.s.l.) 1449.1± 62.6a 1363.3± 86.7b
Slope inclination (degree) 39.5± 7.7a 35.9± 5.4b
Soil pH (0–20 cm depth) 4.7± 0.4a 4.7± 0.4a
Tree density (trees ≥ 6 cm; trees/ ha) 925± 251a 1006± 357a
DBH (trees ≥ 6 cm; cm) 21.4± 3.4a 16.6± 3.0b
Basal area (trees ≥ 6 cm; m2/ha) 52.9± 21.4a 30.4± 15.4b
Canopy closure (%) 88.4± 7.2a 84.5± 5.9b
Species diversity (eH
′
)* 18.4± 4.9a 14.9± 4.9b
Stumps (no./plot) 0.6± 0.8a 1.6± 1.6b
Footpaths (no./plot) 0.9± 0.6a 1.5± 0.8b
* Exponential of Shannon entropy (Jost, 2006).
3.2. Tree species classification
3090 trees (249 species) with DBH of at least 6 cm in the two zones were detected (Fig. 3). A total of 48% of all tree
species were used for NTFPs and 22% were valuable timber species. Among these, 14% were multiple-use species in that
they provided both NTFPs and valuable timber (Fig. 3; Appendices A and B). A total of 110 species (44%) were neither NTFPs
nor valuable timber species. 79 tree species (32%) were rare in at least one of the zones (Appendix C). Eighteen species (7%)
were listed as threatened species on the red list of the IUCN and/or the red list of Vietnam (Appendix D).
Fig. 3. Use of encountered trees (3090) and tree species (249) in the core zone and buffer zone. A total of 12% of trees and 14% of tree species were used as
both non-timber forest products (NTFPs) and valuable timber.
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3.3. Differences in tree communities
The overall tree density in the core zone and buffer zone did not differ significantly (Table 2). However the density of large
diameter trees (DBH ≥ 30cm) significantly reduced and the density of small diameter trees (DBH < 30cm) increased in the
buffer zone. Trees providing NTFPs were significantly more numerous in the buffer zone, whereas trees providing valuable
timber were more numerous in the core zone. Rare and red-listed trees had lower densities in the buffer zone.
Table 2
Characteristics of trees with DBH of at least 6 cm in the core zone and buffer zone. Values indicate means ± stand deviations of 40 sample plots in each
zone. Different superscript small letters indicate significant differences between zones (p ≤ 0.05).
Core zone Buffer zone Difference (%)
Density All (trees/plot) 37± 10a 40.2± 14a 9
Not rare (trees/plot)* 35.6± 10a 39.6± 14.2a 11
Rare (trees/plot)** 1.4± 1.3a 0.6± 0.8b −56
Diameter DBH < 30 cm (trees/plot) 29.7± 9.2a 36.6± 14.4a 23
DBH ≥ 30 cm (trees/plot) 7.2± 2.6a 3.5± 3b −51
Use No special (trees/plot) 17.4± 6.8a 14.2± 7b −18
NTFP (trees/plot) 11.1± 4.7a 21± 11.4b 89
Valuable timber (trees/plot) 2.3± 1.8a 1.9± 2.8b −16
Multiple-use (trees/plot) 6.2± 3.7a 3.1± 2.1b −50
Red-listed Red-listed (trees/plot) 2.5± 1.9a 1.1± 1.5b −57
* Number of individual trees in a species with density of more than 1 trees/ha.
** Number of individual trees in a species with density of 1 or fewer individual tree/ha.
Comparison of tree species in the two zones indicated that the buffer zone had the estimated species richness 28% lower
(Table 3). The buffer zone also had 53% fewer tree species with DBH ≥ 30 cm, 7% fewer valuable timber species, 10% fewer
NTFP species, and 35% fewermultiple-use species. Rare and red-listed tree species also reduced by 56% and 38%, respectively,
in the buffer zone.
Table 3
Characteristics of tree species in the core zone and buffer zone. Estimated tree species richness from 40 plots to 120 pooled plots employed the Chao2
estimator.
Core zone Buffer zone Core zone only Buffer zone only Difference (%)
Diversity Found (species/40 plots) 193 173 76 56 −10
Estimated (species/120 plots) 254± 17 182± 5 127± 16 61± 3 −28
Not rare (species/40 plots)* 136 148 22 34 9
Rare (species/40 plots)** 57 25 54 22 −56
Diameter DBH < 30 cm (species/40 plots) 163 159 70 64 −2
DBH ≥ 30 cm (species/40 plots) 30 14 28 12 −53
Use No special (species/40 plots) 79 78 33 32 −1
NTFP (species/40 plots) 68 61 24 17 −10
Valuable timber (species/40 plots) 15 14 5 4 −7
Multiple-use (species/40 plots) 31 20 15 4 −35
Red-listed Red-listed (species/40 plots) 16 10 8 2 −38
* Species with density of more than 1 trees/ha.
** Species with density of 1 or fewer individual tree/ha.
Eighty-five species provided only NTFPs. Among these, forty-two of these species had higher density in the buffer zone,
37 had lower density in the buffer zone, and the 6 other species had similar density in each zone.
3.4. Logistic regression models for predicting probabilities of tree and species absence
Amultiple logistic regression analysis was used to predict the probability of tree absence in the buffer zone (Table 4). The
results indicate that red-listed status (OR = 2.94, 95% CIs = 1.81–4.78) and large DBH (OR = 1.01, 95% CIs = 1.00–1.02)
increased the probability of tree absence in the buffer zone. In contrast, high density (OR = 0.99, 95% CIs = 0.98–1.00) and
NTFP use (OR = 0.62, 95% CIs = 0.49–0.76) reduced the probability of tree absence in the buffer zone.
Table 4
Probability of tree absence in the buffer zone by a multiple logistic regression model: logit(p) = 1.078×Red-listed + 0.011×DBH − 0.0096×density −
0.483×NTFP; AIC = 1984.1; likelihood ratio test: p < 0.001; CIs: confidence intervals.
Predictor variable Parameter estimate Standard errors p (z test) Odds ratios 95% CIs Type of variable
Red-listed 1.078 0.2477 <0.0001 2.94 1.81–4.78 0/1
DBH (cm) 0.011 0.0035 0.0017 1.01 1.00–1.02 Continuous
Density of species (n/ha) −0.0096 0.0032 0.0025 0.99 0.98–1.0 Continuous
NTFP −0.483 0.109 <0.0001 0.62 0.49–0.76 0/1
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Logistic regression analysis was used to predict the probability ofspecies absence in the buffer zone (Table 5). The results
indicate that the probability of species absence was predicted by density of species per hectare, but not by other analyzed
factors (DBH, NTFP use, valuable timber, red-listed status). In particular, low density was strongly associated with increased
probability of species absence (Table 5 and Fig. 4). Comparison of different logistic models for density of species indicated
that the (1/density of species per ha) and (1/density of species per ha)0.25 models had lower AIC values than the (density of
species /ha) model, and that the (1/density of species per ha)0.25 model had the lowest AIC value indicating the highest level
of prediction accuracy.
Table 5
Prediction of the probability of species absence in the buffer zone by three logistic regression models.
Predictor variable Model p (z test) AIC value
Density of species (n/ha) logit(p) = −0.157×density 0.002 243.48
1/density of species logit(p) = −1.545+ 1.455×(1/density) <0.0001 230.12
(1/density of species)0.25 logit(p) = −4.261+ 4.397×(1/density)0.25 <0.0001 227.12
Mean species diameter (cm) – 0.61 –
NTFP – 0.77 –
Valuable timber – 0.91 –
Red-listed – 0.37 –
Fig. 4. Probability of species absence based on three logistic regression models of density of species (density of species per hectare; 1/density of species;
and [1/density of species]0.25). The (1/density of species)0.25 model (purple line) had the lowest Akaike Information Criterion (AIC) value, indicating the
best prediction accuracy (see Table 5). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)
3.5. DCA for analyzing tree densities of NTFP species
Correlations of densities of NTFP tree species with forest structure and human interference variables were analyzed using
DCA (Fig. 5). The first DCA axis correlated negatively with species richness (r = −0.4) and positively with the number of
footpaths (r = 0.3), and the second DCA axis correlated negatively with the number of stumps (r = −0.4) and positively
with tree DBH (r = 0.7), (p ≤ 0.05). The different directions of the vectors of these four variables suggest contrasting
influences of forest structure variables and human disturbance variables on the abundance of NTFP species.
NTFP tree species that had high densities in the buffer zone positively correlated with two human interference variables:
number of footpaths and number of stumps. It indicated that densities of these species are likely to increase with increasing
numbers of footpaths and stumps. On the other hand, NTFP tree species that had low densities in the buffer zone negatively
correlatedwith these human interference variables. It means that densities of these species tend to decrease with increasing
human interference. In other words, these results indicated that human interference had divergent effects on the abundance
of NTFP tree species.
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Fig. 5. Detrended correspondence analysis of the density of 85 NTFP tree species in the core zone and buffer zone according to forest structure and human
interference indicators. Eigenvalues: 0.42 (axis 1) and 0.50 (axis 2); correlation threshold: r2 = 0.4. A total of 41 NTFP tree species correlated significantly
with two DCA axes. Abbreviations: DBH: diameter at breast height, Sp. richness: species richness, F. path: footpath. Abbreviations for species are given in
Appendix A.
4. Discussion
Our study of differences in tree community between the core zone and buffer zone in the Ta Xua Nature Reserve indicated
that overall tree density was not different, but other tree community characteristics such as tree diameter and species
richness differed significantly. Red-listed status, tree DBH, density of species, and NTFP use (in order of reducing importance)
were significantly associated with the probability of tree absence in the buffer zone. More specifically, red-listed status, large
diameter, and low density increased the probability of tree absence in the buffer zone, and NTFP use reduced the probability
of tree absence in the buffer zone. The results of the DCA indicated that human interference correlated positively with
some NTFP species, but negatively with other NTFP species. In predicting the probability of species absence, a logistic model
indicated that density of species was the most important variable, and low density (species rarity) strongly enhanced the
probability of species absence.
Timber logging was evident in the buffer zone, as indicated by a tree community structure that differed from the core
zone and by the large number of stumps. It was also obvious that some valuable timber tree species such as Fokienia hodginsii
(Fujian Cypress) were sought for logging. However, the multivariate logistic models indicated that valuable timber was not a
significant variable at the tree level or species level. This may be because of the relatively small proportion of tree species in
this category or because loggers did not search for species regarded valuable timber. Tree DBH in contrast was a significant
variable, suggesting that loggersmainly focused on large diameter trees. TheH’Mong people, as indicated by their knowledge
of NTFPs, know their tree species, so it seems reasonable that the loggers are not H’Mong. In fact, the H’Mong people claimed
that illegal loggers came from outside. Thus, in this case, the management plan for conservation of the buffer zone seems
sound, but better enforcement is needed. If not, it is possible that logging may spread into the core zone. Our findings are
e.g. consistent with a study in Kibale National Park in Uganda which found that trees with large diameters were strongly
depleted in disturbed forests (Osazuwa-Peters et al., 2015).
It is likely that NTFP use by local people changed the density of tree species, but it did not lead to species extirpation. Some
NTFP species, such as Mallotus paniculatus, Macaranga denticulata, Litsea cubeba, Styrax tonkinensis, and Ficus glandulifera,
had higher densities in the buffer zone and positively correlated with human interference. On the other hand, several other
species, such as Trivalvaria costata, Eberhardtia tonkinensis,Neolitsea zeylanica,Nephelium lappaceum, andMachilus thunbergii,
were less abundant in the buffer zone and negatively correlated with human interference. These results illustrate that the
traditionalmethods of theH’Mong people in harvesting and usingNTFPs had divergent effects on the abundance of NTFP tree
species. Similarly,Mallotus andMacaranga species were strongly associated with disturbance and can be used as indicators
for forest disturbance in Kalimantan, Indonesia (Slik et al., 2003), whereasNeolitsea zeylanica disappeared due to disturbance
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in Uttara Kannada, in southern India (Daniels et al., 1995). However, our findings differ from those of a study in theWestern
Ghats of India, which found that contemporary practices of NTFP harvesting were exploitive and harmed NTFP resources
due to high intensity and destructive harvesting (Muraleedharan et al., 2005). Our results indicated that NTFP use by local
H’Mong people did not lead to tree species depletion.
Of rare and red-listed tree species, our results showed that most of these tree species were present in the core zone, and
their numbers were significantly lower in the buffer zone. More specifically, red-listed status and low density (rarity) were
significantly associated with the probability of tree absence in the buffer zone. In fact, a tree species may be rare because
of many different reasons, such as small geographic range, narrow habitat tolerance, or small population size (Rabinowitz,
1981). Demographic and environmental stochasticity coupledwith anthropogenic disturbance can lead to populationdecline
(Gaston, 1998); this may partly explain whymany rare tree species were present in the core zone but not in the buffer zone.
Moreover, rare species often have restricted distributions. In the buffer zone,where anthropogenic disturbance happenswith
higher frequency, rare tree species are more likely to experience stressful conditions and this, coupled with the increased
vulnerability due to lowdensity, leads to reduce the number of rare tree species in such zone. Some rare tree species that have
large diameters and/or provide valuable products become critically endangered when they coincidentally become targets of
selective logging. Consequently, a large number of rare tree species were not present in the buffer zone. On the other hand,
there was a relatively high abundance of rare tree species in the core zone, and these species contributed significantly to the
high level of species diversity in this area. This reflects a typical diversity status of tropical rainforests, in which diversity is
due to a large proportion of rare species (Hubbell, 2013). Our findings also support the conclusion that a strictly protected
core conservation zone is valuable because it provides a refuge for rare and red-listed tree species.
4.1. Considerations for forest management and conservation
Timber use likely changed forest structure and species composition, whereas use of NTFPs by the local people in general
raised less of concern. Red-listed status, large tree DBH, and rarity were strongly related to tree community depletion in
the buffer zone. The use of logistic regression models allows evaluation of the conservation effectiveness in a given nature
reserve over time and among other nature reserves and national parks, and also facilitates the development of conservation
strategies by quantifying the effects of different forestmanagementmeasures on the presence or absence of trees and species.
Monitoring of forest resources with a focus on rare and red-listed species is needed to confirm whether the current forest
status in the buffer zone is declining or stable, and thereby can be used to fine-tune forest use regulations.
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